IKEDA, K., IWABUCHI, T., KUTSUZAWA, T. and NABAMURA, T. Relationship between Cerebral Blood Flow and Arterial Blood Pressure in Patients with Apoplexy. Tohoku J. exp. Med., 1973, 111 (3) , 211-217 -Measurements of cerebral blood flow using the nitrous oxide method were performed in 44 normal subjects and in 226 patients with apoplexy.
In the apoplectic patients, the interval from the last onset of stroke varied from fourteen days to eight years. Cerebral blood flow in the patients with apoplexy was reduced to less than 80% of that in normal subjects.
In the group of subacute stage, cerebral blood flow was more reduced than that of chronic stage. According to the mean arterial blood pressure at the examination, the values for cerebral blood flow were divided into 7 classes from 80 to 150 mm Hg at an interval of 10 mm Hg. The average value was calculated in each class. As a result, it was found that the cerebral blood flow was maintained relatively constant at the blood pressure within 80 to 150 mm Hg. This may suggest the existence of autoregulation of cerebral blood flow. It was also found that there was no influence of aging on the relationship between the cerebral blood flow and the arterial blood pressure.
autoregulation; nitrous oxide method Autoregulation of the cerebral blood flow was first described by Fog (1934) and Forbes et al. (1934) . Since then, many observations have been published concerning the pressure-flow relationship in the cerebral circulation, and it has been known that under normal circumstances the autoregulation of cerebral blood flow occurs (Lassen 1959 (Lassen , 1964 . The existence of autoregulation has been suggested in such cases as essential hypertension (Kety et al. 1948) , hypertension due to toxemia of pregnancy (McCall 1953 ) and moderate hypotension due to spinal anesthesia (Kety et al. 1950) . However, the loss of autoregulation of cerebral blood flow was observed in most patients with apoplexy of acute stage by Hoedt-Rasmussen et al. (1967) and Agnoli et al. (1968) using the isotope clearance methods. This paper deals with the pressure-flow relationship in the cerebral circulation of patients with apoplexy who had recovered from acute symptoms.
MATERIALS AND METHODS
Cerebral blood flow was measured in 44 control subjects and in 226 patients with apoplexy except subarachnoid hemorrhage.
The control subjects consisted of 23 normo tensive subjects with various neurological disorders or psychoneurosis and 21 essential hypertensive subjects (Table 1 ). In 54 of 226 patients with apoplexy, the cerebral blood flow was measured twice or thrice, and 302 measurements of cerebral blood flow were available for analysis.
The patients with impairment of consciousness at the measurement were excluded from this study.
The ages of the patients ranged from 28 to 78 years and averaged 56 years.
The interval between the last onset of symptoms and the cerebral blood flow examina. tions varied from fourteen days to eight years. The patients were divided into two groups according to the interval from the last stroke. Forty-one cases were studied within one month from the last stroke (subacute stage), and 225 were studied more than one month after the last stroke (chronic stage).
Thirty-six cases could not be classified according to the interval from the last stroke, because the date of the onset could not be ascertained.
Cerebral blood flow was measured with the nitrous oxide method (Kety and Schmidt 1945, 1948) . The collection of blood samples was performed according to the modified method of Keio University (Aizawa 1966). Blood pressure was measured twice at the upper arm by the auscultation during the measurement of the blood flow. Mean arterial blood pressure was calculated as follows: mean arterial blood pressure=diastoric pressure +1/3 pulse pressure. The average value of two mean arterial blood pressures during the blood flow measurement was regarded as the mean arterial blood pressure. When the blood pressure of the patient was higher than usual owing to apprehensions for the exami nation, the patient was quieted, and the measurement was performed after the blood pressure lowered to usual level. Table 1 summarized the results obtained from the control subjects and the patients with apoplexy. In the 44 control subjects, there were no remarkable differences in the cerebral blood flow between the 23 normotensive subjects and the 21 hypertensive patients. The average value for cerebral blood flow was 53.9±6.5 ml/100 g brain/min and the mean age was 51 years. On the other hand, the average value in patients with apoplexy was 43.0±9.7 ml/100 g brain/min. Relation between cerebral blood flow and arterial blood pressure
RESULTS
The relation between cerebral blood flow and mean arterial blood pressure was studied as follows: According to the mean arterial blood pressure at the examination, the 302 measured values for cerebral blood flow were divided into seven classes at an interval of 10 mm Hg; from the class of 80-90 mm Hg to the class of 140-150 mm Hg. And in each of the seven classes , the average value for cerebral blood flow was calculated. The relation between the average values for cerebral blood flow and the mean arterial blood pressure in each of the seven classes was shown in Fig. 1 . The number of patients in each class ranged from 22 to 72, and the average values for cerebral blood flow ranged from 40 .9 to 46.2 ml/100 g brain/min. The cerebral blood flow remained almost constant at the blood pressure within 80 to 150 mm Hg. 85 mmHg means the class of 80-90 mmHg and so on.
C.B.F.=cerebral blood flow (ml/100 g brain/min)
DISCUSSION
In this study, the cerebral blood flow in patients with apoplexy was found to be about 80% of control subjects. It has been widely accepted that the auto regulation of the cerebral blood flow in normal subjects exists despite considerable changes of the cerebral perfusion pressure. The purpose of this investigation is to elucidate whether or not the cerebral blood flow in patients with apoplexy can be maintained constant in spite of changes of the arterial blood pressure.
In this paper, statistical observations of the relationships between the cerebral blood flow and the mean arterial blood pressure were performed to study the autoregulation of the human cerebral blood flow. Similar observation was already carried out by Lassen (1959) , and the relative constancy of cerebral blood flow was observed within a wide range of arterial blood pressure. In these observations, however, it may be pointed out that the maintenance of the cerebral blood flow at constant level does not necessarily show the existence of autoregulation, because in hypertensive state and/or cerebrovascular disease the possibility cannot be excluded that increase in cerebral vascular resistance at hypertension might be due to vasoconstriction by circulating vasoconstrictor substances and/or to stenosis of cerebral blood vessels resulting from arteriosclerosis.
Using the isotope clearance method (Lassen et al. 1963) , some investigators observed a global loss of autoregulation not only in the diseased hemisphere but also in the contralateral hemisphere in patients with apoplexy (Paulson et al. 1972) . This phenomenon was found in the patients during the first fourteen days after the last stroke. However, in a few cases it was reported that loss of autoregulation was also found in the patients even after thirty days from the stroke (Agnoli et al. 1968; Paulson et al. 1970) . In the present study, the averaged cerebral blood flow was not changed evidently within 80 mm Hg to 150 mm Hg. Particularly, this tendency was distinct in the group of chronic stage. In this group, the average values for cerebral blood flow were between 42.2 and 43.9 ml/100 g brain/ min at the range of mean arterial blood pressure from 80 to 150 mm Hg.
Comparing with the chronic stage, the average values for cerebral blood flow varied more widely in the subacute stage. This might be due to the fact that the number of patients was not enough and/or that the cerebral blood flow was depen dent on blood pressure in some cases. Many investigators agreed in opinion that in normal subjects aging was associated with a decrease of the value for cerebral blood flow (Scheinberg et al. 1953; Fazekas et al. 1955) . Decrease in cerebral blood flow was also observed in this study with advancing age in patients with apoplexy. Gotoh (1958) reported that in healthy men younger than 35 years the cerebral blood flow increased as the systolic blood pressure was elevated, and that in subjects older than 35 years the cerebral blood flow increased as the systolic blood pressure was elevated to 170 mm Hg, and then it decreased as the systolic blood pressure became higher than 170 mm Hg, and the reduction of cerebral blood flow at high blood pressure was explained by progressive increase in the degree of cerebral arteriosclerosis. In both the relatively young group and the older group of this study, the average values for cerebral blood flow were maintained constant in spite of changes of the blood pressure from 80 to 150 mm Hg. Therefore, the influence of aging on the relation between cerebral blood flow and mean arterial blood pressure could not be found in patients with apoplexy.
In cerebrovascular diseases of acute stage, Farhat and Schneider (1967) reported that the maintenance of an elevated blood pressure was a useful treat ment for alleviation of clinical symptoms. Marshall (1964) reported that hypo tensive therapy could reduce the mortality in the patient with apoplexy who had recovered from the acute symptoms. Though there are a few reports which show ed focal loss of autoregulation in the chronic stage (Agnoli et al. 1968; Paulson 1970) , hypotensive therapy in the chronic stage of apoplexy might be reasonable because of the existence of autoregulation of cerebral blood flow in the chronic stage. 
